Abstract
Introduction
Physical inactivity is a global pandemic and an urgent public health priority [1] , yet the efforts made on reducing the burden of physical inactivity are modest in countries of all income levels [2] . Moreover, the burden of physical inactivity is unequally distributed along socioeconomic strata [3] , which makes it an important candidate contributor to social inequalities in health. However, little is known about how social inequalities in physical inactivity have developed during the last decade, despite the increasing social inequalities in Europe and Sweden [4] , not the least in the wake of the great recession [5] .
The framing of health-related inequalities depends on the indicators of socioeconomic position (SEP) considered [6] . Education, occupation, and income are the most common indicators to illustrate social inequalities in health, and are all believed to exert distinct influences on health [7, 8] , and on physical inactivity [9] . When it comes to physical inactivity, both work and leisure time physical inactivity have different effects on health [10] , but as leisure time physical activity has the most positive influence on mental and physical well-being [11] , it is the most frequently studied form of physical activity in Europe [9] . However, physical inactivity, an indicator of the total absent of these effects, is seldom investigated in relation to SEP.
A recent European systematic review on socioeconomic inequalities in physical activity revealed that education in women, and occupation in men, were the indicators most consistently displaying inequalities in leisure time physical activity, with more than 80% of the associations were positive in Scandinavia [9] . However, little research has attempted to simultaneously study multiple axes of social inequalities in relation to physical inactivity. This is unfortunate, since it means that there is little knowledge on the nature of socioeconomic inequalities of physical inactivity, and scarce evidence guiding policy-makers on which aspect is in greatest need for interventions toward equity. Swedish epidemiological studies [12, 13] have similarly reported associations between leisure time physical activity and one or two of the SEP indicators, but neither the social gradient nor gender differences have received special attention. Moreover, the great majority of Swedish studies have been conducted in the south, while equity in the very different context of the sparsely populated north has not been investigated.
To fill the aforementioned knowledge gaps on socioeconomic inequalities in physical inactivity and provide evidence over the course of the last decade in northern Sweden, the aim of this study was to investigate the trends of absolute and relative inequalities through the social gradient in physical inactivity, simultaneously across the SEP indicators of education, occupation and income, in women and men.
Methods

Design and study population
This study was based on data obtained from the repeated cross-sectional population-based Health on Equal Terms (HET) survey, distributed in 2006, 2010, and 2014, in the four northernmost counties of Sweden: Västernorrland, Jämtland/Härjedalen, Västerbotten, and norrbotten. The survey is conducted by the respective county councils, and represents the regionally expanded sample of the annual national HET survey managed by the national Public Health Agency of Sweden, in collaboration of the county councils and Statistics Sweden (Scb).
The HET survey applies an elaborate two-step probabilistic sampling procedure yielding a representative sample at the county and municipality level. The questionnaire covers, for example, selfreported health, health behaviors, work, and psychosocial and social conditions. Moreover, through the Swedish Personal Identity number, the survey data was linked to individual-level register data on, for example, education and income from the total population registers of Scb.
All participants gave their informed consent for the data to be used for research purposes. The use of the HET survey in the present study was reviewed and approved by the ethical committee at The Regional Ethical Review board in umeå (#2015/134-31Ö).
Measures
Physical inactivity
Accordingly to established practice [14] we measured physical inactivity in leisure time. The coding of physical inactivity variable was based on the following validated [15] question: "How much physical movement and exertion have you had in the last 12 months?" with four response options. Responses that marked the choice "Sedentary leisure time" ("You spend your free time with reading, TV, cinema or other sedentary pastimes. You walk, cycle or otherwise exercise for less than 2 hours per week in leisure time") were coded as 1, and the choices of the following options were coded as 0: "Moderate exercise in leisure time" (at least two hours per week without sweating); "Moderate, regular exercise in leisure time" (1-2 occasions a week for at least 30 minutes each time with sweating) and lastly "Regular exercise and training" (running, swimming, tennis, etc. at least 3 times a week for at least 30 minutes).
Socioeconomic indicators
Occupation was self-reported in the questionnaire, and information on the education and income indicators was retrieved from registers [15] . Education was measured accordingly to the Scb's classification system, called Sun2000 and coded as: higher postsecondary (530-640 = 0); lower post-secondary (410-527 = 1); higher secondary (330-337 = 2); lower secondary (310-329 = 3); compulsory education (100-206 = 4 (6) ; and 76-84 years (7) . Sex was based on the Swedish Personal Identity number given at birth, including man (1), woman (2) . Country of birth was dichotomized as Swedish (1) and non-Swedish (2) . Rurality was based on municipality of residence and was classified as either urban (0), including the municipalities with a population >50,000 inhabitants in 2014 (umeå, Sundsvall, Östersund, Skellefteå, luleå, and Örnsköldsvik) or rural (1), including the remaining 38 northern Swedish municipalities, all with a population below 50,000 inhabitants.
Data analysis
Preliminary analyses
All the statistical analyses were performed with Stata 13.0 software, and sampling weights were used throughout the analyses. These weights were designed by Scb for nationally representative results, by adjusting for the sample design, coverage error, nonresponse, and including a range of auxiliary demographic variables [18] . first, descriptive sample statistics were analyzed in the total sample and stratified by sex (see Table I ). furthermore, Spearman's correlations were used to test the strength and direction of the monotonic relationship between the SEP indicators. The estimates were rather similar across the different years (Spearman's rho): education and occupation 0.51-0.57 (p < 0.001); education and income 0.21-0.28 (p < 0.001); occupation and income 0.32-0.33 (p < 0.001). This implies that undue multicollinearity between the SEP indicators is unlikely in the multiple analyses.
Main analyses
As evidence suggests that women and men might differ in the leisure time activity [9] , results are presented both in total sample and stratified by sex.
following the suggestion of the Expert Review and Proposals for Measurement of Health Inequalities in the European union [19] , logistic regressions were used as a simple method to measure inequalities. The probability of physical inactivity was modelled given a set of explanatory variables, separately for 2006, 2010, and 2014. first, simple logistic regressions were conducted separately with each of the three socioeconomic indicators, education, occupation, and income, (Model 0) to observe the unadjusted estimates. Second, to adjust for potential confounding the three indicators were regressed together while further controlling for age, sex, country of birth, and rurality (Model 1).
To quantify and compare absolute and relative gradients in physical inactivity along the three socioeconomic indicators and between the different years (2006, 2010, and 2014), the slope index of inequality (SII) and the relative index of inequality (RII) were used as summary measures of the gradient. These measures estimate the linear associations between the given SEP indicators and the outcome, taking into account the variation across the entire socioeconomic scale [20] . Ridit scores, corresponding to the average cumulative proportion of the categories of each socioeconomic indicator were created. The ridit can vary between 0 and 1, with values closer to 1 signifying that the socioeconomic category has higher risk of physical inactivity. As previously recommended [21, 22] , SII coefficients were obtained by generalized linear models, using identity link functions, with the outcome regressed on the ridit scores, separately by each indicator and controlling for age. RII is expressed as exp(β), thus the RIIs were estimated by log-binomial models, using logarithmic link function, with the same variables as in the SII calculations.
based on the procedure by Ernstsen et al. [23] , two-way interaction terms were calculated to measure the linear trend of SIIs and RIIs, using the SEP indicators' ridit scores by survey (i.e. 2006, 2010, Table I . Descriptive statistics of the total sample and stratified by sex. and 2014), while controlling for age. Pairwise comparisons between the three different years were also analyzed with the same method. Similarly, to assess the differences between women and men, two-way interaction terms (SEP ridit scores by sex) were used in the three surveys separately, with age adjustment. Dissimilarities in SII/RII's linear trend in gender were computed individually for every SEP indicator using three-way interaction term (SEP ridit scores by sex by survey) beside the survey's and sex's two-way interaction term, while controlling for age in generalized linear models.
Although all analyses were adjusted for age, the main analyses were also rerun excluding the oldest (76-84 years, who were missing in 2006) and youngest (16-25 years) age groups, in two separate sets of analyses. The inferences (results available on request) were identical to the analysis on all available individuals; therefore the results from the more inclusive sample are reported in the results section.
Analyses of missing data
Since we employed complete case analysis, analyses of missing data were performed in order to investigate potential selection bias introduced by the internal drop-out. Missingness was defined as "1" 
results
Descriptive analyses
Descriptive statistics (Table I) show that in the total sample the proportion of physical inactivity slightly increased in 2010, after which it remained stable. Stratifying the sample displayed higher proportion of physical inactivity in men in all years, but also that the gender gap was reduced from 2.5% to 0.5% over the years, mainly due to increasing physical inactivity in women. Stratified analyses also showed that women more often had post-secondary education, routine-non manual occupation and lower income. Additionally, figure 1 presents the proportion of physical inactivity by SEP indicators along the surveyed period.
Trends in socioeconomic inequalities in physical inactivity
Table II displays a summary of logistic regressions models and slope and relative indexes of inequality. Model 0 shows gradually increasing ORs for education and income, with less pronounced estimates in the case of occupation. The estimates for occupation were substantially decreased in Model 1, suggesting that the association was largely explained by the covariates.
The inequality indices (Table II) Stratified analyses by sex (Table III, figure 2 ) displayed generally similar findings to the collapsed sample analyses. However, women had significantly higher (p = 0.043) relative educational inequalities in physical inactivity in 2014 and significantly higher absolute (p = 0.016) and relative (p < 0.001) income inequalities in physical inactivity in 2010 than did men in the same years (p values not reported in Table III ). Significant gender differences for the trends was only found for absolute educational inequalities, where the three-way interaction term had a significant estimate (p = 0.024), indicating larger increase in absolute educational inequalities in physical inactivity in women than in men over the years.
Discussion
The present study found fluctuations in socioeconomic inequalities in physical inactivity across 8 years in northern Sweden, including particularly high inequalities in 2010, and increasing trends of income inequalities across the study period. concerning the relative importance of the three socioeconomic indicators for physical inactivity over the examined time period, the income inequalities increased and ended up the most prominent in 2014, while educational inequalities decreased, and occupation remained of moderate importance. This suggests that the long-term dynamics of social inequalities in health behaviors may differ between specific socioeconomic indicators. The European systematic review on this topic concludes similarly that the effect of SEP depends on the indicator used. Whereas this notion is mainly based on comparisons of separate studies, our findings give further support to it by simultaneous assessment of multiple SEP indicators within one study [9] . nevertheless, we point out the increasing importance of income inequalities, especially in 2014, relative to education and occupation, in northern Sweden.
The highest inequalities for all SEP indicators were found in 2010. Speculatively, this could be related to the global financial crisis of 2008, as additional financial and psychological distress of the crisis could lead to inactive lifestyles [24] , disproportionately affecting those of lower SEP, despite Sweden's comparatively efficient crisis-management [5] . The generally decreasing educational and occupational inequalities in 2014 suggest that the high inequalities may be transitory, and give optimism that the current policies might be working toward re-establishing comparative equity [25] . In contrast, the trends and persistently high absolute and relative income inequalities even in 2014 raise concern that these may rather represent perpetuated inequalities. Here it is worth to consider that the income inequalities indeed have been gradually increasing in Sweden during the past two decades [26] , and that our findings may reflect this long-term development in Swedish society. Interestingly, the stratified analyses showed significantly larger increase in absolute educational inequalities in women over the years, indicating that policy makers may need to combat inequalities from a gender perspective. Moreover, by 2014 the relative educational inequalities in physical inactivity became significantly higher for women than men. This result contradicts findings from a study that concluded the opposite based on data from 15 European countries [27] . but in general terms, we were not able to show substantial gender differences, even though the existing literature suggests stratified analyses to capture such disparities [9] . Regardless of the lack of dissimilarities we need to emphasize that income inequalities in physical inactivity increased in both genders. To comprehend social inequalities in health behaviors, the black report suggests materialist explanations intertwined with cultural factors [28] . An English study found widened "material" and "cultural" socioeconomic gaps in physical activity 2003-2012 [29] , indicated by income and educational inequalities, respectively. An Australian study [30] investigating trends in educational inequalities in physical inactivity 2002-2012 did however not find any significant change in trends over time. Our study in a Swedish setting showed that the 'material' income gap widened while the "cultural" educational gap prominently narrowed during the corresponding time period, which puts the materialist position in the spotlight for the policy makers.
Methodological considerations
Methodological strengths include a large populationbased sample and linked register data of the surveys, which reduces the risk of reporting bias in the cases of the covariates, education and income. furthermore, the question regarding physical inactivity was validated by the national food Administration [15] . The results of the validation indicated that those who are more active measured by accelerometers are the ones who reported higher degree of physical activity in the question (p = 0.019). Although, potential reporting bias due to social desirability might still be an issue [31] . Response rates were approximately 50%, and to counterbalance any skewed sample selection, sample weights were used throughout the analyses. The complete case analyses further decreased the analytical sample size, and analyses of missing data indicate that we need to be observant of selection bias potentially affecting the estimates. ORs of lower socioeconomic indicators might be underestimated due to the internal drop-out affecting more the lower strata where physical inactivity has a higher prevalence, but ultimately, the extent and direction of any selection bias for the estimates are unknown. Additionally, the comparatively larger sample size in 2010 might have contributed to the increased indices of that year.
To handle possible confounding, the logistic regressions were adjusted for the two most common confounders age and sex [9] . Additional potential confounders were also included; country of birth and also rurality, as living in urban areas have been associated with physical activity [32] . However, chronic disease morbidity was initially considered as a possible confounder but was intentionally omitted from the analyses to avoid over-adjustment, as both SEP and physical inactivity are likely risk factors of chronic disease. lastly, the absolute and relative inequality measures were adjusted for age, due to the higher probability of having physical inactivity in older age groups [33] .
conclusions
We report higher inequalities in leisure time physical inactivity in northern Sweden around the time of the great recession in 2010, and a tendency toward reduction in both educational and occupational inequalities in 2014, which suggests that the current policies might be fairly effective in terms of equity. In contrast, no reduced income inequalities in physical inactivity were seen from 2006 to 2014, but instead widening increasing trends in absolute and relative income inequalities in physical inactivity for both women and men. Thus we stress the need to continue monitoring and eventually repeating the analyses in 2018, when the new wave of the HET survey is expected to be released. Additionally, to reduce the burden of inequities in physical inactivity, the attention of researchers and policymakers should be directed toward the widening trends of income inequalities in physical inactivity.
